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From the earliest days of the recognition of the syndrome of serum 
sickness in man,  studies have been carried out in an effort to discover 
what relationship might exist between serum sickness and the demon- 
strable  antigens  and  antibodies  present  in  the  affected  individual. 
The evidence which has been gathered suggests the possibility of such 
relationship,  but there  exist a  number of observations which appar- 
ently militate against sweeping or definite statements concerning this 
relationship. 
We  (1)  have noted in rabbits the appearance of a  reaction on the 
ears occurring usually 5 to 7 days after a single injection of a quantity 
of horse serum greater than 5 cc. pro kilo.  The reaction is character- 
ized by the presence of a more or less confluent erythema which may 
be morbilliform or scarlatina],  involving especially the lower third of 
the  ears  but  frequently  extending  over the  lower  three-quarters  of 
the ear.  Frequently there is associated with this a more or less marked 
edema  again  especially evident or marked  in  the lower third  of the 
ear.  Such reactions were noted in  69 per cent of 103 animals.  Lim- 
ited reactions of erythema or edema were not considered as positive 
reactions  since  they  corresponded  in  part  with  phenomena  which 
were noted on  the  ears of normal  animals.  In  147  normal  animals 
observed over periods of 2 weeks or longer, scattered discrete erythe- 
matous areas were noted in many cases and areas of edema involving 
the  upper  and  middle  portion  of the  ear  were noted  in  thirty-five 
animals.  The  reactions  of  serum  sickness  as  seen  on  the  ears  in 
rabbits differ distinctly from the reactions in normal animals both as 
to character and location. 
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It was naturally of interest  to study in rabbits affected with serum 
sickness  both  the  development  of  antibodies  (precipitins)  and  the 
disappearance  of the  injected  antigen  with  the  view  of determining 
what  relationship  might  be  demonstrable  under  these  experimental 
conditions. 
Method 
In twenty-seven rabbits  treated  as described in the above mentioned earlier 
paper the precipitin  production and the disappearance of horse serum from the 
circulating blood was studied.  In a few animals tests for precipitins against horse 
serum were made before the  injections,  and in all these  animals no precipitins 
could be demonstrated.  In a  number of animals blood was taken on the  1st or 
2nd day after injection of horse serum, but in others blood was taken first on the 
3rd or 4th day after injection.  As a  rule  the examinations were made at  2 day 
intervals through the 8th or 9th day, and in a number of animals the examinations 
were made at the 10th, llth,  12th, 14th, 15th or 18th days after injection.  Since 
the majority of the animals showed serum sickness within the period including the 
5th to 8th days, it was particularly the results observed within this time that were 
of interest. 
Blood was taken from the heart for all tests.  It was not possible  to use the ear 
veins  for obtaining specimens in  view of the  fact  that  the  reactions  of serum 
sickness were apparent in the ears.  In titrating for the precipltins, the customary 
technic of using constant quantities of serum (in this case the serum of the rabbit 
under  observation)  and  diminishing quantities  of the  horse serum antigen  was 
followed: the  readings of the results  are therefore expressed  in dilutions  of the 
antigen which gave positive reactions with the rabbit serum.  In titrating for the 
antigen  (horse serum)  found in the  blood  of rabbits  used in  the experiments, 
serum of rabbits which had been immunized against horse serum was used in a 
constant quantity, and the serum of the experimental animals diluted in the same 
gradations as used for the antigen in the precipitin tests, was added.  The dilutions 
of the  precipltinogens  ran  the  scale  from  1:10  to  1:20,960, the dilution being 
doubled in  each  successive tube.  In all precipitinogen titrations,  the antibody 
(serum of immunized rabbits) was diluted 1:5.  In all the tests a parallel titration 
with known anti-horse precipitin serum and horse antigen was run. 
Of  fifteen  rabbits  injected  intravenously,  eight  developed  serum 
sickness  and  of  twelve  injected  into  the  subscapular  region  ten  de- 
veloped serum sickness.  No essential difference as regards either  the 
precipitin or residual precipitinogen curves could be observed between 
these  two  groups,  so  that  in  further  discussion  we may  consider  to- 
gether  the  two  groups  which  were  injected  in  these  two  different 
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There are various possibilities which one might expect as demonstra- 
tive of the relationship of the precipitins  or  the  content  of precipi- 
tinogen to the reaction of serum sickness.  The precipitins might show a 
distinct rise or increase at the time of the reaction, or the precipitins 
might show a  suppression or delay in appearance in reacting animals 
as compared with non-reacting but injected animals.  Or the precip- 
itins, if  previously present, might  show a  fall  in titre at the time of 
reaction.  Considering the precipitinogen, we might seek for evidence 
of a rapid fall of this substance in the blood of reacting animals, or an 
unusually slow disappearance of the injected antigen.  There might 
be evident after, rather than before or during the period of reaction, 
changes  in  the  content of either precipitin or  precipitinogen  in  the 
blood of the reacting animals.  Or finally, there might be observable 
in the reacting animals certain relations between the two agents which 
differed from those seen in non-reacting animals. 
It must,  however, be stated that when we compare the  curves of 
either precipitins or precipitinogen in non-reacting animals with those 
occurring in the reacting rabbits it is impossible to demonstrate any 
regularly occurring differences between the two groups or to note in 
the rabbits  with serum  sickness any consistent relationship between 
either precipitin or precipitinogen and the occurrence of the reactions. 
In the nine non-reacting animals we find that in two animals no antibody was 
demonstrable at 5 days, in two none at 6 days (in no animals were antibodies found 
at 4 days), in five animals precipitins were demonstrable at 6 days in a titre varying 
from 1:40 to 1:1280.  After the 5th or 6th days there was  usually a  marked 
increase in the titre of the antibody, but there appeared to be no regularity in the 
quantitative increase during the next 2 day period, so that the titre varied between 
1 : 160 and 1 : 5120 on the 7th and 8th days.  On the subsequent days (10th to 18th) 
there was usually an increase of the titre, in some animals very marked and rapid, 
in others slower, and in some animals  little or no increase  in the titre after the 
8th day.  In a few animals  there occurred a drop in the titre after the 8th day, 
followed by a rise in later periods. 
The highest dilution of the serum of the injected non-reacting rabbit in which 
antigen  was  demonstrated  showed  also  wide  variations  in  individual animals 
in the first 5 days, but there is evident within this period a tendency for a fairly 
rapid fall in the concentration of the horse serum in the blood.  In the period 
from the 5th to 8th days there seems to be quite regularly (with one exception) a 
slower disappearance of the antigen from the blood stream; a tendency to maintain 82  SERUM  SICKNESS.  II 
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a constant level (in one animal there was even an increase between the 5th and 7th 
days) of the circulating antigen.  In later periods the antigen disappears; in four 
of seven animals examined at  14 or 15 days and in all tested at  18 days (four) 
there  appeared  to be  no  antigen  present.  The  residual  antigen  in  the  latter 
periods, however, varied considerably in the different animals. 
It is evident that in the non-reacting animals no regularity  can be 
noted  in  regard  to  time  relations  and  titres  of either  precipitins  or 
precipitinogens. 
Considering  now the  rabbits  which showed serum  sickness we find 
essentially  the same degree of variation in the curves of the titres  of 
the two agents studied  as we have  just  described  above  in the non- 
reacting  rabbits.  It  is  apparent  that  on  this  basis  we  can  draw  no 
difference. 
In one animal  (No.  131)  serum sickness first appeared  on the 3rd day after 
injection; blood taken on the 4th day showed as in other rabbits, no precipitins; 
in another rabbit, showing reaction on the 5th day (No. 305), no precipitins were 
evident on this same day; in a 3rd rabbit showing serum sickness on the 5th day 
(No. 113) no precipitins were demonstrable on either the 4th or 6th days, and in 
a  fourth rabbit showing serum sickness on the 7th day (No.  154) no precipitins 
were found on this day. 
In several rabbits no precipitins were shown on the day before the appearance 
of the reaction (Nos. 116, 135, 159, 326, 304)  but on the 2nd day of the reaction 
precipitins varying in titre from 1 : 160 to 1:640 were evident. 
In a  number of rabbits  (Nos.  160,  162,  321)  precipitins  were found in titre 
varying from 1:20 to 1:320 either 1 or 2 daysbefore the appearance of the reactions. 
From these observations it would seem that the appearance of the reaction cannot 
be  correlated  with  either  the  appearance  or  non-appearance  in  the  blood  of 
precipitins. 
We find the precipitin  titre  on the days of the reactions  varying from 0  to 
1:2560 and fairly evenly distributed through this range. 
On the days subsequent to the reaction, in most cases 1 or 2 days after the last 
day of evidence of serum sickness,  the titre of the precipitins seems to correspond 
quite  well with  the  titres  noted in non-reacting rabbits,  and shows neither  an 
unusual increase nor a retardation in the rise usually noted at these days. 
In the later periods following the 8th day after injection, the variations in the 
individual  reacting  animals  are like  those noted  in  the  other injected  rabbits. 
Generally  the fall of the precipitinogen  in the reacting animals is similar  to 
that noted in other rabbits; a fairly rapid but irregular tendency towards a diminu- 
tion within the first 5 days; a tendency towards a slower fall between the 5th and 
8th days, and a more or less rapid fall towards complete disappearance at 14 to 18 
days.  Certainly there is no evidence that the antigen disappears more rapidly 84  SERTJ3~ SICKNESS.  II 
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in the reacting animals (between the 12th and 15th days) than in the non-reacting 
ones; the suggestion is rather that the reverse occurs, but probably these differences 
evident here are within the limits of experimental variations.  In one animal only 
(No. 159) is there evident any tendency towards a  rise  of the antigen titre sub- 
sequent to and in this case during the appearance of the reaction.  In one case also 
(No. 113) is there apparent a marked fall of the titre after the appearance of the 
reaction.  However, similar  appearances may be noted at  similar  periods  after 
injections  in  non-reacting animals. 
It  is  not  possible  either  to  point  out  any  particular  or  constant 
relationship  existing between the titres of antigen and antibody found 
in  the  blood  at  the  time  of  appearance  of  serum  sickness  in  these 
rabbits.  We can find all sorts of relationship;  high antigen titre and 
low antibody  titre;  low antigen  and high antibody,  and the  titres  of 
the two agents very nearly equal. 
DISCUSSION 
In one of the earliest  publications  of yon Pirquet  and Sehick (2) concerning 
serum  sickness  they  demonstrate  certain  relations  between  the  appearance  of 
precipitins and the reactions of this phenomenon, and state that precipitins appear 
after  serum sickness  has begun.  They are apparently of the opinion that  the 
precipitins  never  appeared  before  the  symptoms  of  serum  sickness.  In  the 
majority of cases precipitins appeared  in the blood on the 8th or 9th day after 
injection.  Von Pirquet (3) however bases his explanation of the physiology of the 
reaction of serum sickness and other allergic phenomena largely upon the relation- 
ship  of antigen  and  antibody within  the  affected  individual.  Hamburger and 
Moro (4)  who studied the precipitin and precipitinogen in the blood of patients 
showing serum sickness after injection of Moser's antiscarlatinal serum, state that 
precipitins appear 2 days after the appearance of serum sickness--namely on the 
16th  and  14th  days respectively.  The  antigen  disappeared  from the blood at 
about the 23rd day (about 7 days after serum sickness)  or sometimes the antigen 
persisted  for 16  or more days after  the  reaction.  They found that  in rabbits 
injected with 0.5 to 10 cc. of horse serum pro kilo, precipitins appeared at 8 days 
(none were found at 6 days) after injection and the horse serum tended to disappear 
at  about  the  9th  day.  These  authors  did  not  assume  a  definite  relationship 
between antigen and antibody on one hand and the reaction on the other hand. 
Dehne  and  Hamburger  (5)  studying the  presence of the antigen  by means  of 
titration of the residual tetanus antitoxin in  the blood of human beings injected 
subcutaneously found a slow increase of antitoxin in the blood up to the 2rid or 3rd 
day--subsequently the antitoxin remained constant up to the 8th day, when there 
occurred a marked fall until the injected antibody disappeared in the 3rd week. 
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serum sickness follows shortly after or at the time of the fall of injected antigen, 
while  the  precipitins  appear  after  the  reaction.  Hamburger  and  Pollak  (6) 
studying the incubation period, tested for the appearance of skin reactions to horse 
serum in individuals previously injected with this antigen.  Hypersensitiveness 
appeared at the 5th or 6th days usually, and there was a gradual, not an explosive 
appearance of hypersensitiveness; in relation to this early appearance of altered 
reactivity of  the  injected individual they  quote  the  statement  of  Pollak  and 
Mautner (7) that often only a few days after a first injection of serum there appear 
temporary  exanthemata.  Cowie  (8)  made  observations  similar  to  those  of 
Hamburger and  Pollak, excepting that  in  a  few individuals he found  the skin 
reactions to appear on the 2nd and 4th days after injection. 
Wells (9) studying the precipitins in individuals injected with antisera, found 
no influence of age, sex or weight; he believed, however, that the titre increased 
irregularly but not constantly with the amount of the injected serum.  He found 
precipitins appearing as early as the 4th day, even in a titre of 1 : 2560, and often 
as high as 1:1280  on the 5th day.  In one case the precipitin titre fell during 
serum sickness, rising again after disappearance of the reaction; in two additional 
cases there appeared a rise of the precipitin titre after the reaction.  Wells believed 
that serum sickness is connected with a union of the precipitin element with some 
other element in  some  manner not  apparent  or understood,  and  that  the  dis- 
appearance of the symptoms of serum sickness is associated with the liberation 
of the precipitin. 
Longcope  and  Rackemann  (10)  studied  precipitins, anaphylactins  and  the 
appearance of skin sensitiveness in persons injected with various antisera.  Sensi- 
tiveness to skin reactions could not be correlated with serum sickness, although 
reactions to the intracutaneously injected horse serum appeared earlier in subjects 
who  developed serum sickness than in those who did not  Anaphylactins were 
demonstrated in eleven of twelve persons developing serum sickness, but in none of 
those which did not; these antibodies were demonstrated only when serum sickness 
was well advanced or about to terminate.  The precipitins were also demonstrable 
in the individuals who developed serum sickness but not in  injected persons who 
did not develop the phenomenon.  In the persons with serum sickness precipitins 
did not appear until 3 or 4 days after the onset of serum sickness and then rose 
rapidly.  These  authors  consider  serum  sickness  to  be  definitely associable 
with precipitin and precipitinogen, but assume that reactions in the cells must 
play an important r61e, due possibly to the presence of precipitins in the cells in 
the early period. 
MacKenzie and Leake (11)  studied both precipitin and  precipitinogen.  In a 
group of subjects showing severe serum sickness, they found the precipitin rising to 
the maximum near the time the symptoms disappeared, while the antigen fell with 
the cessation of symptoms.  In a  group of non-reacting injected individuals no 
precipitins or very weakly active ones appeared, and  the antigen was retained 
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who showed mild symptoms developed only scanty precipitins, and the antigen 
disappeared  slowly.  One  individual  who  developed  serum  sickness  showed  a 
high precipitin  titre at the end of the period of serum sickness,  but the antigen 
persisted  for a  longer period in the blood stream.  MacKenzie and  Leake, like 
Longcope and  Rackemann and  Wells,  were  therefore  of the  belief  that  serum 
sickness  could be correlated  with  the antigen-antibody relation  with  the  body. 
Tuft and Ramsdell  (12-14)  in a  series  of articles  studied antibody formation 
subsequent to injection of horse serum.  In the last one of this series  they found 
that antibodies appeared both before and after the serum sickness or sometimes 
none appeared.  They noted no regularity,  and reached the conclusion that no 
clear relationship could be demonstrated between antibodies and the basic mech- 
anism of serum sickness. 
As the foregoing shows, the evidence regarding the relationship of 
antibody and antigen to the appearance of serum sickness in man is 
by no means uniform or definite.  In our studies of the antigen and 
antibody curves in rabbits developing serum sickness, we find much 
the same irregularities which Tuft and Ramsdell report,  and essen- 
tially no similarities to the results which Longcope and Rackemann 
and MacKenzie and Leake have noted.  It does not appear possible 
to point out any relationship between the precipitin production, the 
disappearance of the antigen and the reaction of serum sickness in 
the rabbits we studied. 
As discussed previously, the incubation period in serum sickness in 
rabbits is shorter than in man; it also appears that both the appearance 
of precipitins and disappearance of antigen take place more rapidly in 
rabbits than in man.  These latter facts may account for the earlier 
appearance of serum sickness in rabbits; we do not imply that this is 
as cause and effect, but simply that it is possible that the immunolog- 
ical  phenomena of  appearance of precipitins  and  disappearance of 
antigens, like the incubation period for serum sickness, both occur 
more rapidly in rabbits.  They might be considered as two parallel 
phenomena, which, however, do not regularly or constantly occur at 
the same rate in different individuals. 
CONCLUSIONS 
i. It has not been possible  to demonstrate in rabbits affected  with 
serum  sickness any  constant temporal relationship between precip- 
itin and precipitinogen in the blood on one hand and of occurrence 
of serum sickness  on the other hand. LLOYD JONES AND MOYER  S. ]?LEISHER  89 
2.  It has not been possible to demonstrate any differences between 
the  precipitin  and  precipitinogen  curves  in  injected  rabbits  which 
develop serum sickness compared with injected rabbits which did not 
develop serum sickness. 
3.  There is therefore no evidence that we can directly associate the 
occurrence  of serum  sickness with  the  production  or  appearance  of 
precipitins. 
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